five bands were previously measured in the region for the 728 species. All the identified bands belong to the ΔP= 8 and 9 series of transitions, where
is the polyad number (V i are vibrational quantum numbers). The band-by-band analysis has allowed deriving accurate spectroscopic parameters of 61 bands from a fit of the measured line positions. Two interpolyad resonance perturbations were identified.
Using the newly measured line positions and those collected from the literature, the global modeling of the line positions within the effective Hamiltonian approach was performed and a new set of Hamiltonian parameters was obtained for the 17 O isotopologues. For the five studied isotopologues, the effective dipole moment parameters of the ΔP= 8 and 9 series were derived from a global fit of the measured line intensities. The obtained results will be used for the improvement of the quality of the line positions and intensities in the most currently used spectroscopic databases of carbon dioxide.
Introduction
This contribution is the third and last one devoted to the analysis of the absorption spectrum of 18 O enriched carbon dioxide highly that we recorded by very high sensitivity CW-Cavity Ring Down spectroscopy (CW-CRDS) between 5851 and 6990 cm -1 (1.71-1.43 µm) [1, 2] . In a first report, the analysis and modeling of the 16 18 O enrichment (more than 50 % of the oxygen atoms) but also a significant enrichment in 17 O (about 2 %). Although very small (between 2×10 -4 and 2×10 -2 ), the relative concentrations of the five studied 17 O isotopologues were significantly higher than their natural values. This 17 O enrichment combined with the very high sensitivity of the recorded spectra (routine sensitivity better than 1×10 -10 cm -1 ) has allowed for the detection of a large amount of new bands for the five above listed 17 O isotopologues. This last contribution is devoted to their assignment and analysis.
Experiment
Our fibered CW-CRDS spectrometer is described in detail in Ref.
[3] while the data acquisition has been presented in Ref. [1] . The routine sensitivity of the recordings ranges between 4×10 -11 and 1×10 -10 cm -1 as illustrated on Fig. 1 .
Two series of spectra were recorded for pressure values of 0.20 and 5.0 Torr. The temperature of the different recordings was observed to vary by ±0.5 K around an average value of 295.9 K. The CO 2 sample (from Sigma-Aldrich) has a stated chemical purity better than 99.9 % while the stated relative abundance of the oxygen atoms is: with its statistical value based on a -natural‖ 13 C/ 12 C relative abundance.
The spectra were calibrated with the help of a wavelength meter and highly accurate reference positions of CO 2 and H 2 O lines (present as impurities) as provided by the HITRAN 4 database [4] . The uncertainty of the wavenumber calibration is believed to be less than 1× 10 Table 2 . Their overall concentration is on the order of 0.1 %. 18 O enriched carbon dioxide recorded at 5 Torr near 6033 cm -1 . In the 1 cm -1 wide displayed interval, lines due to six isotopologues are assigned.
Fig. 2. CW-CRDS spectrum of
The assignments were carried out on the basis of the prediction of the global effective
Hamiltonian (EH) model [ 6, 7, 8] . isotopic extrapolation method presented in Ref. [11] . Line intensity predictions were also crucial in the assignment process. In the case of the P= 9 series of transitions, line intensities were calculated using the respective effective dipole moment (EDM) parameters of the principal isotopologue [ 12 ] whereas in the case of the P= O assigned in the present study between 5850 and 7000 cm -1 (left panels) and the corresponding spectra predicted within the framework of the effective operator approach (right panels). Line intensities correspond to the relative abundance of the various isotopologues in our sample (see Table 1 ). O, three of the four assigned bands were reported by CW-CRDS in Ref. [17] and the 01131-01101 hot band is assigned for the first time ( Fig. 7) . 
Band-by-band analysis
As far as a vibrational state can be considered as isolated, the vibration-rotational energy levels can be expressed as:
where J is the total angular momentum quantum number, We provide in Table 5 the lower state constants predicted using the global effective Hamiltonian).
All rms values of the ( obs - fit ) deviations included in Tables 4-8 
Notes
The confidence interval (1 SD) between parentheses, is given the in the unit of the last quoted digit.
b Observed branches with the corresponding maximum value of the total angular momentum quantum number. c N is the number of the observed lines for a given band and n is the number of these lines included in the fit. d RMS of residuals of the spectroscopic parameters fit is given in 10 -3 cm -1 . e 1 -Interpolyad anharmonic interactions with 31114e (energy levels crossing at J= 39). 2 -Interpolyad anharmonic interactions with 31114f (energy levels crossing at J= 36). 3 -The e and f components are blended up to J=6 in the P-branch and up to J=29 in the R-branch. Unresolved lines were excluded from the fit. 4 -All the e and f components are not resolved. f Previous reports: L: Ref. [13] ; P: Ref. [14] . g A few lines observed, the given G v , and ΔG v values are EH values. 
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Notes
The confidence interval (1 SD) between parentheses, is given the in the unit of the last quoted digit. a The given parameter values were obtained from the EH predictions.
c Observed branches with the corresponding maximum value of the total angular momentum quantum number. d N is the number of the observed lines for a given band and n is the number of these lines involved in the fit. e Root Mean Squares of residuals of the spectroscopic parameters fit is given in 10 -3 cm -1 . 
The confidence interval (1 SD) between parentheses, is given the in the unit of the last quoted digit. The H v constants were constrained to 0 both for the lower and upper states.
b Observed branches with the corresponding maximum value of the total angular momentum quantum number. c N is the number of the observed lines for a given band and n is the number of these lines included in the fit. 
b Observed branches with the corresponding maximum value of the total angular momentum quantum number. c N is the number of the observed lines for a given band and n is the number of these lines included in the fit. d RMS of residuals of the spectroscopic parameters fit is given in 10 -3 cm -1
. e 1 -The e and f components are blended up to J = 7 in the P branch and up to J = 31 in the R-branch. Unresolved lines were excluded from the fit. f Previous reports: P: Ref. [17] . 
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Notes
The confidence interval (1 SD) between parentheses, is given the in the unit of the last quoted digit. The input data was extended by using some positions of 12 C 17 O 2 lines assigned in a CRDS spectrum of 17 O enriched water [21] .
b Observed branches with the corresponding maximum value of the total angular momentum quantum number. c N is the number of the observed lines for a given band and n is the number of these lines included in the fit. [25] .
For the global modeling of the line positions, the EH and GIP computer codes were used [6, 7, 8] .
When necessary, the input position values of some experimental sources were corrected using the correction factors determined with the help of the RITZ computer code [26] , applied simultaneously to all collected sources of carbon dioxide line positions. The initial sets of the EH parameters were obtained by isotopic extrapolation of that of the principal isotopologue [27] . The weighted fits were performed taking into account of the claimed uncertainties of the line position determination in the respective references. In the cases when these uncertainties are not presented clearly, the weighting was based on the reported rms errors of the band by band fits of the spectroscopic constants. [28] . The effective Hamiltonian used in Ref. [29] was formulated only up to the fourth order of perturbation theory and some important Coriolis and anharmonic resonance interaction terms were not taken into account. The predictive ability of this set of parameters is on the order of 0.01 -1 cm -1 depending on the vibrational excitation.
The input file of the measured line positions used in our fit (Table 10) The set of the EH parameters derived by Chedin [28] was refined in our previous paper [10] using published line positions from Refs. [10, 18, 19, 35, 36, 37, 38, 39] . The refined set of parameters was used for the calculation of the line positions included in the current version of the CDSD-296 databank [40] . Since that time a number of new laboratory measurements have become available [13, 17, 25, 33, 41, 42] .
The new fit of the effective Hamiltonian parameters involved all published data [13, 17, 18, 19, 25, 35, 36, 37, 38, 39, 41, 42] and data obtained in this work (see Table 11 ). The input file of the measured line positions consists of the data published in Refs. [13, 17, 25, 39, 42] and CRDS data from this work (see Table 12 FTS -Fourier transform spectroscopy, CEAS -cavity-enhanced absorption spectroscopy, CRDS -cavity ring down spectroscopy 3 N fit -number of lines of a given source included into the EH fit 4 N excl -number of lines of a given source excluded from the EH fit 5 F min and F max -minimum and maximum values of the wavenumbers in a given source 6 Δ min and Δ max -minimum and maximum values of the measurement uncertainties for a given source a correction factor was determined from Ritz check of the most abundant isotopologue of a sample 2 FTS -Fourier transform spectroscopy, VGIS -vacuum grating infrared spectrograph, CRDS -cavity ring down spectroscopy 3 Nfit -number of lines of a given source included into the EH fit 4 Nexcl -number of lines of a given source excluded from the EH fit 5 Fmin and Fmax -minimum and maximum values of the wavenumbers in a given source 6 Δmin and Δmax -minimum and maximum values of the measurement uncertainties for a given source a correction factor was determined from Ritz check of the most abundant isotopologue of a sample b Nineteen lines of the 40014-00001 band were excluded because of an interpolyad interaction of the 40014 upper state by the 60007 state [25] .
The used effective operator approach for the line intensity modeling has been presented in Refs. [6, 44, 45] and the computer code used to fit the EDM parameters is described in Ref.
[ The fit minimizes the value of the dimensionless standard deviation, χ, defined as 
As a consequence of the weakness of the lines due to the very small abundances of the five 17 O isotopologues in our sample, a value of 10 % was used for the uncertainties of our relative line intensities. It is difficult to provide reliable error bars on the absolute intensity values as they were calculated on the basis of a statistical distribution of the O atoms between the various isotopologues. As no other experimental source has provided intensity measurements for the considered isotopologues in the region, the validity of this assumption cannot be tested and significant deviations may exist in particular in the present case where the five less abundant species are considered. Nevertheless, the fitted values obtained for the leading term of the EDM (see below) are fully consistent with that of the other isotopologues, indicating that our abundance values (Table 1) are reasonable.
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The characteristics of the input data and the results of the line intensity fits are presented in Table 13 . The fitted sets of the EDM parameters are given in Table 14 . As it has been already mentioned in Section 3, the line intensities of the 12 C 17 O 2 bands assigned in the spectrum of the 17 O enriched water sample [21] were not determined and therefore the respective transitions are not involved into line intensity fit. The band by band intensity fit statistics is summarized in Table 15 . The value of mean residual (MR) for a band presented in this table is defined by the following equation
where N is the number of fitted line intensities for a given band. 
Discussion and conclusion
This contribution concludes our analysis and theoretical modeling of the absorption spectrum of highly 18 [1, 2, 25] . The quality of the line position calculations achieved with the refined sets of the effective Hamiltonian parameters is illustrated in Fig.10 which includes a few bands assigned after the refinement of the EH parameters. The deviations which are, for these bands, the differences between the predicted and measured line positions are found at the same level than for those of the fitted lines.
From the set of measured line intensities, the effective dipole moment parameters for Table 14 ). Indeed, according to our theoretical study [49] , the values of the principal vibrational EDM parameters for the series of transitions which are allowed for both symmetric and asymmetric isotopologues do not depend strongly on isotopic substitution of both oxygen and carbon atoms. For example, the values of the M 003 and M 301 parameters included in Table 14 for are very close to those of the principal isotopologue (M 003 = 0.31068(34) ×10 -3 and M 301 = -0.26621(13) ×10 -3 Debye [50] ).
Part of the results obtained from the analysis of the present CRDS spectra has already been used to improve the carbon dioxide line list in the last edition of the HITRAN database [51] . A major improvement has been the inclusion of the ΔP= 
